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£ 7(a) LUXI 7(o)fc B ttBM COS SO. *XSX BESSMSI HliSSS «BoW fltt -At 

oi oi £ 

£8 og ^ goll D B SOI ?3E2I S£»3XI9 Qi MAIM* UEMfe 

e Ve 82i asasaa hissss «a»3i ^e- 21 ^ 

£ 10S S2H2I SOI =?S2I BJEMSHB UERHte *fi*2l 2S!E: 

£ 11* ffSHSI DS SOI ?5E2| e.i£»SXI« UEILHte ^2*21 31 BSS=: K 

£ 12- S2H2J £ CIS SOI ?S2| BEHISXIS UEWIfe *S¥2I ^2! BSE0IP. 
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e soi »£»3fl si *H£gfaoii 3010. a ^xii32Sb, nfe 

2 S£S«&9S!ft i£b SOI 2IB&0II g£)£JI2 X a St 01 2ISH S33SCHI 3g§ ^ 

ysaisxi. §y zi£i aassaoii as 3010. 

S3, cmos a soil 3aas§3K>i oias cmos assi xHaassKvdd<i.5V)si 

Oil CHoH S^OtSS 3M>| mm. CMOS aSS ?S6fb mosfetsi H:»»a2KVth)S 

aaaa(vdd)si 1/4 oims us:?* aa. 

□ aU. £J3lxia^0j tm. M0SFET2J 25 BIBBUm CH &J0II Ufa XI4>f> v 432S § 



fo *2x\0^ Amp f}im 



OCMAi, Idofffc 25 &EH(Vg=0)S] lo^ Vg=VthW MSI SaiBJaS, Si= AJ«^B!I4I§E2| 

SAKS SjEI). Cd£r §gl§ glfOQ, Cox^r 3ll0IMgi£0|O. 

oim ^12^9, egxi^asi s^aaa- lsi2J ^emoian Afoicrn ^1012-25 &t\d\ h 

^ 3101 W&M , ^ BMMaBS 3£te MOSFET^ e ^SitttOISflS 0*31 8W. USS, 7H 

£Uia^. 3! UHEI£l53r LSI MOII □oH ^§^01X1 30. 

aaaiwaera 25 bbsw A>oi2i saioi2-25 aaisi en* nastfe »h2sai. s*f 

#EH 3* ±@tlK>l#EH2| M0SFET2J S3tlxiagf§ XII0)5>fe 3S0I ^H^OIO: ^, ^&X\±E\2\ S»&EH 
011/d. M0SFET2I HSgli^i AISS^I ^SH, HSiaS^OI 2i2§ ^§92, 25 &EH0IIA1, 25 

asa** a^Ai9i^i wan, suiixia^oi k£ ass gsao. 

Ol §0il A], MOSFET^F SOI J\&&0\\ |g£lb , 2HXI-S-HEI § § ?H2| 

§§0| HO. s S |, SOI ^£21 M0SFET2I gs? f Bggf£jago| JH^g^oj ££31 

g^6l g, k ^l IMS Oil. Cdfe 02S SII2, S 5*Ei^ AJSOII/H 60mV/decWX| 4* HP. 

oi oil hioh, 25 as* ^aiu 4- ho. nau. i-i^i xia^nj ^1012-25 aapf xissss 

AI5^§ SOIQ. 

ses. ^JUxi&^m Moimtz om sbjssai, oh^ch, soi =?^m arte 3ie#oii gga 001 

USJ M0S(O|6K DTMOSS S»)^ IEEE(Trans. S»5fl ( MM 44, ytH 3, fill 01 XI 414-422, 1997^ 

3a) oil »iehaw ho. m\ dtmos^, 2 10011 eais aoi, asia^ie 00)^011 dhu^i 

^2^^(31) iy 53«h2^l#(32)OI ^^£122. 53 &!2xllg (32)^011 ^IIO|Sa^(33). 
^>^/2E|| 01^^(323), ^ xH^S^(32b)0| g^S 3>^D. SES. 7||0|Sa^(33)S 

xHyS^(32b)01l a^l^!2^ S^^IP. Oia© ^3E0il 2i5H ( xH^ (32b) Oil SEfOI £1^901. xH 

ynj gj^iixia^e xficnm h 4- HCf. 

3EHU ( DTMOSOilAi , ^ ^^jXl^Q^, XH^g«<32b)0| 71101^2^(33) Oil ^'271 2i 

^1 tffl^OII, ^HyS^(32b)2f 7ilOIMa^(33) M0I2I f 12^ ?dltt ^27} SiCf . 01 Oil °|5H. 

siioioFs 9^21 mam ^wbih, M^^m 2ici. s^, oismi 

e^a^(Vdd)^, BIBa^M a XI 8^1 ?loH ±±21 5|» AhO|2J CfOI22°l 0-25 aSK0.6V)SO ^ 
^61 ^D\\ m m&Dl DTM0S3I gag XJIE!6h^ afllS SBH^O. 

SE^, OE Ojl^Ai , 2 11011 2AI9 SOI MOSg &}2x-H§xPK ^5)g?H§a 

XHI 97-246562SCHI UI^SJOl HQ. 01 ^SXIIgxl^, 5S^2Xlie^0f! 311 01 ^2^(43) , ±± g 22112! 

S«(41 t 42) t Si XH^S«(40)OI ij££JH, ^XFS£|Bt(45)» SoH ^^§^(41)011 21 MPe^M 

S^(9) S! XH^S^(40)Hf SCie^iMS^(44)e a?l32S S^^fe 3S(46)^h ?2SM 2>fe 

a. oi a e ^^oii 21^1, xHyg^(40)oii a^oi sig a^aoi, xH^a s^iixia^s aioitt ^ sid. 

3aU. Oia^ =?^^, M ^ XI ^ EH M i^Mlb S^Oil xH^S«(40)Uf SCiaei^S^(44)S s 
^Sf^ SS(46)M P^S2SMi, ^ S>2XIISx|2| ^^jl^^M I*2S ofe ^^IPF HO. 

Sff. 2 OE OIISAI, 2 12011 2A|£ BEflSa^, ig^ ^olg^HgM SI 97-36246mOII JII 
©SOI HO. 01 &ESSM0II/H, «aSPI»(50)^«l OHDS ae«OK51) SI HB&£aS(52)OI 
H. HB&E»IS(52)6K)II MOS ^gHXI^EUf ^SSIH, 0| MOS M^jXI^EiSi XH^S^(53)0I ^ HW\ 
CH^SIS(54)0|| S^gCHI 2|oH. xH^S^(53)0iI a^TOI ^IS 21^a0i. xH^2| S^llxia^M M0\m ^ 
HQ. 

□au, 01 ^2x«§xi^, 2t e^xi^a^f woioi^asoii 1*2^ h^i rag oil mi « 
y2^i^xi2i s^2i ^01 so a aioiohs 12^ g^i^i- ho. 



¥ ^S2J m ^EHOII 2J8fS , SOI ^£21 ^25t|l§xlb: OH^'EI SHBf ^ 0Hi!9 129|^2i Xll 
1 £3i 52^2*l!g§ SOI 3ISh; ^Ol 5B£}Ex|[#0ll M 2 22^ ±± S 2ai2iS 
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«; gj cgioigw M0\°\ HI 1 E2§ XH^S^OH aiOIMiaRS §8H §S@ 31101^3 = 

s sgfoKH &3i ii si Eaiejs^oi &3i HsehEaigap an. &3i sb^ex-hssi &3i 
g«oi. &3i xH^g«°i ssap at 1 ess g^g^E^ ^n. ohus nei^on ejasife hi 1 e 

s gjgoj ag ofEHQII £io\&. SOI ?2S| ehESiSMfil SIS»aS: ■ ) 3ie&0il 0HH3 IS- 

o, 1 si si i ess saeiEaiae ssskx, &d\ ser&sxie&roii juoieaaot si iHioiss^e s 

«olte 3511; ii) HI 2 ESS ii SI Eaie!S°4§ SS8I3I ¥I5H &3I IHIOISS^S C»i35 AtgSI^ 
01 HI 2 ESS g±§0|S§ ^gJ6^ B3fl: S iii) HI 2 ESS ii Si Eai^S^msj HI 1 ESS 
HH&SEMSa HI 1 ESS I^ifeEI SiAI3l3l 9)5H 3II0IM3^S 0li3£ AhS^OI HI 2 ES 

s s^goisM ch S3ii ^ a if oil sim. hi 2 ess ii si saieis^ afoisi hi 1 ess xhbssj 

0I2 DHH@ §2 at Oil gig Sin, j|)yg«o| fi^ep- HI 1 ESS g£gfeE3l feS HI 1 ESS nfe 
E g^g^^S^s SgSlfe B3IIS SS&D. t 

UfCttOJ =2£f gj s^s 

& US Oil OS SOI ?22l BhEHSMfc. OHSS S0°f S! OHUS BH^S! HI 1 ESS2I 

sasfEfliss 3>b soi 3ie, isysaisaD §/s hi 2 ess ii si Eaieis^. ii» saie! 

g« At OIOII HHXISin OH US §12^011 eiSSrn, XH^S^SJ g£ilfeE3l fe£ HI 1 ESS 

nSE CgsatttSSgS i^fe HI 1 ESS XHgge?. SI HI 1 ESS XH^g^&OII SSS 3II0IMS^ 
S 3>feP. 

s ttson ids soi 3iee. sg. niPie. iiii3ie&on sssfe dhss si ones 
g^avAfoii isafe as^Eiii seam, nibis^ si n^s^si aieou stem, soi 31&21 

Wife as S0KBES0DS 3IB, S I M0X (Separation by Implantation of 0xygen)S 315? SOI SIP. XIII 31 
EfESA): Oil a 01 ^2-IS. 3ll = 0hs §21 yEHPICM 6aAs. InGaAs §2| SrSg&EXII: SI AUttOIW. 
a;S °£| = £Ji«N §3 l°33ie § PS»>& £S2| 3I&0I AISS 4= M. 0I0II CHoHAi. &3| IIII 

piston egHii^a. 9innAia s°i iit e^ sis?! ssafe 3ieoi iiidi&esah aisi 4- si 

CI. 

ohu@ i^sjoswb, oiiaa. sio 2 a*, sin ar eoi ai§^ ^ sia. ^21 ^Mfc, ^nir ai 
fe Bisasxig ^s, ^ois ehEsi§ji3i Arsa nn2i ej3is aafa a^is sasroi £ii + 2i 

H, OllgjCH. ef 50nm LJIII 500nra §£0ia. 

H0e}E«l§S. Me«XI^E]S SSSPI S&m°S.M 3|^mfe ^EXI|ete|OI2 311 
soffe §e| y^ji^ £fe QaAs. InGaAs S°J SrSg^EaiOII °l& ^S}ES iSi 4= SIP. □ HISM 

g oil ah 4J£i=efB}oi bt&sism. HaeiE«issi ^Biife. ^oiiife ^esisxisj mgm nasioi. oil 
qi a^sife egHii^a°i si Eaiejs^si asaoi, HseiEaie sa^si aiag^si s 
01 s^e^E. DHiia «bbk« esse 3^e g^gsf^s^si aoi e°i oia 3m meioiaoii °i 

6H, 511 4- £12, WiaCH. i50nra LHII 200nra SE0IP-. 

uia aoi. Haatais. 1) sseiEaigap as hi 2 ess ii si Eaiej 
2) iig« si Eaieis^ aioioii BHxiate HBxna, si aaxH^ vision bHxian ohus ia 

efOII OJS8H2. aSXHSeCt g^gfeE3l isS HI 1 ESS IlfeE M^gSf^S^S 5>fe 3iaS^. 

sj 3) hi 1 ess h^e g^g^<yg^oii eiasm hi 2 ess ii si Eaieis^ ^sioii bHxiBn 
ssxHyai i^ifeta §isi?iu nap ye hi 1 ess g^gfeEi 3>fe i-ifeE g^g^^s 
sif&p. 

1) hi 2 ess ii sj Eaieis^s, sseiExii^a s^§} ess si ^esssi i^§§ . 

0B2JCH. 2f 1x 10 W atoms/cm 3 LHII 1* 10* atoms/cm 3 2SSI01 iSi 4= SIO. 01 S Oil AH, i 

1 si Eaieis^c xHy^sj ii si Eaieis^si e¥oii lod ?sa 5>n ii si Eai 
eigeiaa g^gfeE3i y-e gs?. Efe ii si Eaieis^a g^g^E3i i^si3Hu nap ^n 
ii si Eaieis^si ssap e, k 2i gf s gs«§ 3m 4= aiP. e&, ii si Eaieis^si soife, 

Hl^afe yE«lgxl°l s^oil (U£| 2ilol 511 4- Sin, HaB}EfllS2| et^WKOII&a, 200nm)2| 
of 50%. P ^PHI^oSfe. 80nra LHII 150nm. ^81 . 100nm LHII 150nm §£S SI 4= SIP. 

2) E 2011 EAIS U\2i ^0\. XHyg^S, SI^S^SI SOI&SE^ HSfliyUf IlfeE M^SSr 
^g«(HI g^gfeE3l 3^311 ^aSrte £§5§IDii STfeP. ^. HSSlgSJ HI 1 ESS g^S 
feES Na S! OH a @ g^eiOII 2JS8}fe SfeE g^gSf^S^SI HI 1 ESS S^gfeEl NbS 
§yg. Nb»Na°l 33IIB g^SiE^ g^g^E3l ^§@P. 0IS°l g^gfeEfe, SS^EXH§2| Qf^ 

m, seaiysi ^m. n^E g^g^^s^si soi coy ssn 4- sin. onaw. ssxh^si hi 

2 ESS §^gfeE(Na)fe 1x 10* atoms/cm 3 LHII 1* 10 W atoms/cm 3 . SI OHa^ !9B}0II pjggFfe 
H^E g^g^<yg^2J HI 1 ESS g£gfeE(Nb)te e,' 1x 10 <B atoms/cm 3 LHII 1x io 20 atoms/cm S 

^i@a ssf, aaaiysi ^-m si h^e g^g^^s^si ¥3Hi=. aeyExiis°i ^hioii toy 2E 

§S 4- Sin. OtlSCH, ^' 30nm LHII 150nm SI 50nin LHII 150nm §ES ^ ^SEP. OIOII CH5H. S3 
IH^Hi ^Wl S! g^gfeEfe PS i!i g^olE^ SSSCI: 

n< (EHK 

Tbfe H^XHyei ¥3HI. e S HSafEXIIS 9 £81 is 5}EWI°I ^SS. 0 f= IHI = 0I S@!g. qb 9?l S 
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»&OIW. £SD\ 52011 2I6H, S BT90II WB EJES3M2I H23cH^(4)OI &aSI §S£I£Q. 



Xdfe I>feE g£S*N*gsS£J ^MO\H Vbi£= Bjeej a^OJQ. 01 CHI CUoH, 2^E m^Wmtt^^S 

HSffsaewi n&Qfe m^M m&w ^ hq. 

e§k oi g ^soii mm soi ^£21 sehisxisi saisaa(vth)s am *joii 2ish s 



Vfbfe S9BHE Cbb e /TbOil 21 SH SSS0I. Cox^ 2110I ^ ^ oi djoj g^OIH, Vb^ £Q(body)S 

«(e i£j go* 5 ) on gi^g 2^oia. &:?i asia. s»i.»aa(vth)g mcissjoii epis 
aa<vb)a an ^£^e^ b»»osmi, s^iiflaeKvthjs scis^ou ej^s aeKVbjoii 216H goi 
smi moist 4> HQ. 

3) ±± S EEH2]S^ *!6KXI dHxIEl^ XII 1 ESS XlfeE «£S«fc>SS!£l H 1 ESS M£ 
g^E^, ^ S! EaifilSSSSI S»g»« &±AI3|E^. OHSCH. SB»I«j» e^§} SE0CHU, H 

Of&SioWlfe. saxHyMQ CH ^Sii^H^fe, 1x 10 15 atom/era 3 UIXI 1x 10 17 atoms/cm 3 §£ 

£ 201 dHJSlSKa, DHilS §2^011 oJSoffe XII 1 £Sg H^E S£SaN*g2?S| 

50nm UiXI 150nm ^§£Jfe SOI fctt&2!Sm. SEff f XI^E i^i^g^8, 89 &a§S*J- 

^, 4:^ K E2ll2JS^2| aBSB££¥EI E0£hEai#» QHiiS A^0|21 3||£7»XI ±± 

gj Eaiejs^ w^a axiis^oi ^asi sesfs^ &eh> soiea. 

XH^E B£S«»6>S2{« &a3S2f 6fEH£ XJiCH&Oil 2|SH, ±± *! EBH2JS<* SJ*?£ «S» 

te sbsoii sib giroi oHna bssjsi g^nf 3 is g^a^i (m^oii, ^^/Eaiei s^§s. ^, 
^ xi ^ q ^sie^oi ^ hoi . hjehisxisi a^uia^s si n^sf^f aesso. 

e§k e vson mm soi ^^21 «ie^isxi^, hs&shis^oii ±± ^ EBueis^ , 
xHy g«^oii S g a ^oiM^e^ qj ^loi^a^e ssoib ^ ^ xi ^ q m 3*^q. ^ioi^i^^ v g s 

c> IHI0|M§SQfE£AI ?l^6fe XHS SI a^MS g&H ^ HQ. >il0!^2=^, W. Ta, 

Ti, Mo B2\ 2§§I ^EU*0|E; aAhO| = (0lia CH . MoSi 2 , WSi 2 ) SI Sdl^ai^E^ § 

S2.I AI-OIE ; SI □ = ^ CHI SloH. ^ k 150nm UIXI 300nm£| ^^M^. g^l ^ HQ. OI CHI □ 

6H, :>iioiM2^g, ^#6fe g Eeiieis^M %gon\ mm s^t,^ s^esi nastoi, 

12^21 ^miOIAHM D\m ^ HQ. 

01 Oil CHoH. ifeE g^M^^g^OI ISA! §^£l^ 3?, HUIOll ^^21 ^^XI^EI^^ 

2| e^ji^eI^ £3^ E^ ^2!xl ^Xf^£!^01l 216H ^£l£Jfe SOI U\&™o\Q. 

ti\&x\5\D\\ t ^± >,X^a|0|2J ^JHIfe H2^Exflg2| ^jWISQ g, fc Q. 01 S011 2| 

oH. Efe Metixl ^Xf^£l°l of ¥011 HfeE g^M^^S^OI ^§£IH, H^E ^^^^ 

ejsaf^ ^exii§x|2| xHys^MM a^i^E^ m^M^ ^ hq. oi oil oioH, <ysi^ 
e^ M^ixi ^xf^aisj b\^o\\ ^safe nfeE g^^^^s^^, &}E*ii§xi2i bj\ , e^ae^ eoii 

^ms\ Igi ^ 212, 321 ^ M^gfeEfe, S^XH^6f2j M^^^^S^OII 21 D I 

a as si ffsasxi, ^ t M0SFET2I S5iiaaa« aoia^i esahQ. onacii, a? isonm mxi 

200nm2| ^THIM S^^Ex^ie21 3^, ^Xf^&l°|2| ^IHl^ ^ 50nm LHXI 150nm §£i ^ HH, 

nfeE §^s^^s^2i g^e^E^ sexHym2i h^e M^^^s^ia mmm ^ hq. e^, 

MS. ^4^21 xHyg^g 1^21 ?jx| Oil AH 221011 S^AI^ ^ HOI, xHyg^2| S^lxia^OI H 

o\m ^ hh a^i^i^^oi 5§£i^iu esm 4^ hq. oioii □sh, xh^s^si gi^ixia^e wwmtz 
^SE^Aife, oiiam, MgHxi^Ei:^ ^£1^(^)0. Q} | ( o^oioi^a^oi noil ei^^n, m^xi^ei^ ^ 

Bbf0|(25)g (01, M^g^EH^ £|^ ^S, S! M^XI^El^F £gJ CH , BSgfefEHS SH, M^XI^El 
D\ 2Hg QH , bhOIOI^aSOl Z3 Oil 21^h£l^ ^SOI HQ. OIOII 2| 5H , MgHXI^Ei^f SB HH S^lxia 
&2| iOlfll i^^AI^ ?B^^m BD\M^ ^ HH, M^XI^El^f 25g ttH £133^ E^ ^biaW 
M ^^A|^ ^ HQ. 

^ ^goii soi ^P£2j ^}ElX\\^x)d\ an, an, e^i ooiiai, ohus sj m 

1 EaS H^^E^I^OI 315^011 g^SCI. Pl&^Oll DH^I^ ^^^S g£!S^ SSESA1 SX|2| ^ 
Oilmen, ^ ^^^h^S O|go^ CVD SOI M^W ^ HQ. 

XII 1 E2t* HS^E^IieB, SHS ^O^OilAl SXI2J ^E^l#2| g^^SOil 0>£f ^°J2l &[^3HI 
S §S1 4- HQ. 

£§!, H^^Exll^S Xil 1 Eat* 3£yE*llgES 5^ g[S2§ ^§£JXI & 

xi o}, a§ jii 1 Eas i^ii EsmsAi ss^EXiiss g^s; Eb s^ u J£^i§ 

m m$zW^- ESof^i ?ioH 52^£^i§i ^. m 1 Eag m±mm ss^exii^oii ^ejm^ 
chi 2j on Esshb ^soi Mmm ^ hq. xii 1 Ea§ ^£^oi ?m m^mzi 3^, s^, bf 2 , ^ 





^oib, ^g, eiM mo\ Mmm ^ hh, x^^^ii^m mo\%' 



^ hd\ an soil a 
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m eeoi bF&sima. es, si 1 £31 s^eoi ns m±m2i s*. e< £*r hi*:?* m§@ 

P.' 01 OB CHoH, SHttEflSOl SI 1 £31 i^iS ESSJb S*. HBB>£»I« SB^I SI 1 £3H 

^£^si see* ^£§fe£^ £S£j:hu, g£§te£^ ¥^aa heohai a si 1 sag 
«$8£ aa»E»ieoi sessi^u. hb&emb a»p> a 1 £s§ i^i^J awe ^£^ ebb 

a 1 £2§ g£efe£M a*AI9DI ^oH SI 2 £21 g£g^ £89 4- HB»E»S 2 

»3> Si 1 £31 M^eBI 2g& M£M^££ £SE]*r 3^. SI 1 £31 S£83 e* 
ix 10 18 atoms/cm 3 UiXI 1x 10*° atoms/cm 3 3£?i Wg^Ch »B, *^Ste£3l- HB»EMI«2| SB 
Oii/H 3^, 1221 S22i SI 1 £31 8£§2J fe£fe ^ k 1x 10 15 atoms/cm 3 UiXI 1x 10 18 

atoms/cm 3 §£^ UHfS|S*CK 

fiB&£«e#oii aioi^se^ si ?iioie3^oi issa. ^loi^i^st §y ^ioi^s^b 

»4f M0S ^XI^EiM »B0II caei 131 ^ 2iCI. 

BM iDM/d. ^IOIM3^m Of^BS AtSStOI SI 2 £3! M^^OISO! ^SiSIOi HI 2 ESi 
qj EBiieig^m S£»D. SI 2 £31 g£^2l ^18 Nl £b PI a ^.91JL &3I2J MfrrgOl 
A[§I 4= HQ ±± §y HBIieiS^Si IJOIte. flB»£HI«2| sj^IHI Oil tOBl 4= Bin. 150nm 

LHXI 200nm2] ^MM 3H£*£»I82I 3^, ^Olfe sj 100nm UIXI 150nm 3£3f HhgsjSfCK 018 

CH, 2! 01 Afg£|fe 3^, Sf 10keV LB II 25keV2| I^OIIUXI, S ^ k Ix 10* atoms/cm 2 LHXI 4x 10 15 
atoms/cm 2 2l £^£^ B! 01 SOI ^2JU0{| SJoH r £ie3£^ ^ 1x 10 20 atoms/cm 3 UIXI 1x 10 21 atoms/cm 3 
£j g£gfe£g ol^ StSIOI AFg^lP. S». Ul^^f AtgSfe 3^, ef 20keV LHXI 50keV2] I^OilU 

XI, » fif ix 10 15 atoms/cm 2 UiXI 4x 10* atoms/cm 2 2| UI4:0IS0I ^£i£ife »H0| AJSSD. 

01 S Oil , ±± » EaifflSSjg LDD SEfe DOD S^M 3>= l&ii 4* 2iCh 

liDOHAI. ^lOiea^g QfA3i AfSWOt SI 2 £31 ^^gOISOl H 2170 ? 0 J9Cf. 
01 Oil 2ISH, SI 2 £31 4:^ 9i ££H£]S^5f2! SI 1 £31 SI 1 £31 M£Mfe£M 

&±M%1 ^ 9lO\, 3 23. SI 2 £31 £^2i £2ll£jS2? Af0|2| SI 1 £31 xH^S^OIH, OH US 
^^Q|0(| oissm, xH^S^S] SBSQ SI 1 £31 ^£^£21- feS SI 1 £31 ^lfe£ M^e^ 
- <L>S^m l^f 4^ 2iCI. OII^CU , H2^£xlie0| ^ 150nm LHXI 200nmS| ^MM Q= #ai^£ie£^ 
ISSIH. 5il0|e3^0l 200nm°l ¥JHIB ^ M^I^EL|so^ t^si^ 3^, SI 2 £31 MZmsi 01 

S^S^. AtSoJOJ ^ 150keV LHXI 170keV°l ^^OHLiXI , ^ ^ 1x 10 13 atoms/cm 2 LHXI 5x 10 14 

atoms/cro 2 2i E^££ ^^301, sig^^^ ot 1x 10 15 atoms/cm 3 LHXI 1x 10 17 atoms/cm 3 °l SI 1 £3§ 

m^m^^^. o\D\\ SO. bl^^l- Ahg£|fe 3^, ^ 320keV LHXI 380keV°l ^WIUJI. S! ^ Ix 10 13 

. atoms/cm 2 UiXI 5x 10^ atoras/cm 2 SJ E^££ OlS^ojoi ^SeD. 

01 CHI CH6H, nO\^m&^ §y ^IOIM3^0l B^ll i )0ilAi l^SI^I 30il, SI 1 £31 M£M^E 
j\ QHij^ l^eiOll eiSSffe SI 1 £31 I^i^EMa SB«f£xll#SJ HSOilAi ^^il £1X1 3 
s>\ B^|| iii)o| xHI 2 £31 M^#B| OIB^SOllAife , ^101^2^0! 1^3^ CHI AH OISOI 5ilOIM 
3^ SI THOI^l^ar^ ^eSFCM . HB^£*IIS2| H^Oil EgofE^ 0|S°i IW SI ^OilUXIS <^ 
§«^I)} =A) Oil 71101^2^ ^ ^1101^^3^21 °|^JHIM 5§S^ 5!0I bl^5|oia. OT, }ilO!M^1^0| 
1^£IXI Sfb S « Of I fe . ^^'S M^MOISOI ±± EeiieiS^M ^S6h01, ^ ££iieiS^Iif 

0HU9 AhOIHl H2^£xilS0il £^5^, SI £Bil2JS^5^HJ 52Kl§2j SI 1 E2i 

OimOil, ^ ^gOil [Ef# SOI =?£2\ ^£xllSx|2J b^^l°h ^ A| OlIS EBI ^56101 ^§e! 

a. 

AIAIOI 1 

£ 1£ SOI NMOSFETS UEItdD. £ 10iW, ^ B| 1 )^0ll 0HU9 1^^(2) % HB 

^ £ |sg( 3 )o| 3S£|01. ^, SOI ^i°l ^l&OI Mgga. SOI ^^ESJ ^l&H| HS^£ie^(3)S| 50 
0f|^ 53^£|s§(3)SD g, k ^ Nl £^ ^ ££HeiS^(6.7)0| ISEa. HB^dieS(3)°l SSOI 
II, S £EHeiS^(6,7) AhOIOII^, PI S2XH^(4)0! mX\^0. ±± S £aiBS ^ (6,7)oF 

°i sa^aia#(3)0ii^, HExH^ujsa m^m^z^ ^s pi x-i^£ g^^^^s^(8,9)oi 

D. £§[, PI HSXHy(4)B| 5f¥0II2, Xlte£ B^B«^S^ (8,9)AfOI Ollfe , a0XH^(4)SD 
^£^ ^S PS H^£ M^M^^S^(5)0| IS^ia. g£w^£H| H^IIi^OI £ 2 Oil £A|£IOi 2J 

CI. 32^£ I^i ^^S^(5)S £1^3^(10)011 S^SCI. £§[, SSXH^(4)^0ii >ilOIM12S|(24)^- 

mm Moiea=(n)oi igaa. 

01 gOil/H, NMOSFET^f ^#£!2iXIB, £ 30il £A|g U^2^ »0| . CMOSFET^t Al§i ^ 2i 

a. 

£ 301 £AI£ CMOSFETOil Ai . SBftl&ieS(3)0IL HS^£ie§(3)SCI ^32, OHUS 
^2^(2)011 £g6ffe ^d|g^(13)OI !3£IOi, NMOS S^5f PMOS S^M ^BIAI^JDh ^£lg^(13)g 
NMOSSi PMOS Af0|2i ^IZI^ (OiOQi , BHxlS)M ©XI » ^ 21CI. 

SE§i, NMOS S! PMOS S^Oil S 0 ^ £1^^(3)^01 4iXf^£| ( 12)01 ^ IS£I2, 

01^ ^Xf^£IS^(12)0iI °i6H ^£IS ^4-°l NMOSFET SI PM0SFETP^ NMOS ^ PMOS S^Oil 

2*2* BSBD. 

^^2i NMOSFET HI PI g^B^^S^(5)g f ^Xf^BI S ^ ( 12)6K)II HHxISfe PI H^£ 

g^#^^S^(5a)0il HloH S^EjH ^IxlOHAI 21^3^(10)011 S^EI^, ^4^H] PMOSFETBI 

Nl I2fe£ ^±mm&<g^(^5)S, ri:Xf^£IS«(12)5K)ll HHXIS^ Nl 32^£ «dS«^9 ^ ( 15a) Oil 
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2|cH MS. 3^33 13H2I flflOI/H 21*33(20)011 S^SCI. 

PMOSFET^ , «3|» NM0SFET2P £S«0l □ » 2§ »|2I5>3 *£m^°3. SBI& . ~. P§ £ 
^ oj Eaie!SSJ(16.17). N§ *Hyg2!(14). NS XlfeE KMif'82| ( 18.19) . NS 3fe£ C£8« 
#23(15), ^!0|ei^o| ffi ^|0I^S^(21)S 3*3. NM0SFET2I aoi. 2I¥£! ^(20)0il S^S 

P. 

0I2J- ^8 =?gm 3>fe MOSFETfer, 0I6^2| SSI SfeCf. 

(a) ^ SI HaiE!9^(6. 7.16.17)21 St^giTOI Xi^SE *$S«^9^ (8.9. 18, 19)2! ^SgSlfOil 2) 
oH ^±m ^ 21 CK 

(b) SB4iase(3)e ^SSSsf SOI ?52J S^^dl^iSP ¥231 OH §011. HS/dl^OHSIOI 3311 
^ 4^ 2iCH , H£^2Jee(3)OI g 01 SMI MI£SCK 

(c) /d^ai-MSE ^gS SSgBsf SO 1 21- 01 JilohOl 3X1 B. 21 ¥S»( 10,20) Oil 2|ff XH^ MP01I Si 
2*8 £3S HOIS (HI SloH 2H £|3S«« ^±MB\^m £31 xlSSOl 5§i ^ 2JC[. 

(d) 3^E «£S**fcf99!(5 i 15)0ll 2J5H 21*2 3(10.20)011 MOSFET^ S^H, 3^SE 
S6S««SSJ(5,15)S e!§5^ ^42J MgHXI^EiOil 21 oH SI US^E^Al g^I 4= 2i 

□ cLfafAi , ^leoii asi a^s^i sh 2i¥S^g hiss w&d\ mosfet2| 23 ~ a^Aii* 

4= 2iCh MgHxi^asi ^?llbHxlb ^3 CM0S2I e^Bf^I S 4* SIO. 

(e) BBXHWU, 14)»SI 3^E **B«f«S^ (5 ,15)S 0H¥ H&8 S3. RC XI 2 » , Oil^CH. 
3II0IM230I oufi o| a ae»i^(4. 14)21 SflSI j»£««8 BI^S 4- 5UCL 

OlohOil , #3121 SOI ^£2| M0SFET2J ^g0|| CH6H ggelCh E3J8. #31 SOI ^£2| MOSFET^ » 
# &2§SI£f2IX| »3I EH SOIL S 5{6il a^AISOll 21 oH 2H 4> 2iCL 32H U. S3 

^£l^#(3)21 UteE S£geU*ge! (5)011 2joH, MOSFET^ g/251 OH £311x12301 HICH§ 4> 2i 

= £ 4011 £AIS bF2> SOI. #31 SOI ^£21 MOSFETSj Id-Vg *£0II 21o^. 311 01^2^21 
W/LOI 2u m/0.35u mOI3, Vds = 0.6V2] 3?, D\BW 2!3h£|*r 23(Vb)0l OVSJ OB, £311x13301 

soia ^ &3, :>iee^M 3h»boii 216H saiaaaoi aoia 4= au. ebbi/h. ohscil g# 
21 s^ecMi^. ?i»oii ei^a a^s ss&oii 2j6H mosfet2i stums aoi ^ k o.iv oisjs ^^sch , 
^ ^p^^^e g§ 4- 2i3. ^EHeoii^, ^i&oii oi^a a^e ss^roii 2i6H mosfet2i °jd\\x\ 
a^oi 0.6V oi^o^ ^^^sioi, aiaauM ^^ais ^ 9iQ. 

1IXH»(Rw)S. £ 3CMI JEAia b^2f SOI, 3II0IM^2| 3^£S^(5)2j feS S ^Xf^ai^oh2l 
3^£S^(5a)2J ^^61 ^§§[0il 2J5H 1§1 4- 2iP. 0J£fAi , ^XIi>MRw)g. 016^21 31 

^2^21 Si ^ AC 2f£^&^ 3&j6K)l l§aa. 

^LHOll ISS M0SFET3K £ 5(a) Oil 5EAIS Hf2f ^01, H^M(Cw)^¥E| ^ai(S)^e 

loixi axiscftoe. £ 5(b) « 5(c) oil SAia bf2f aoi. 3iea#(isub)^ as s^i a 

oh^aKHi cf^ ^^st^oiiAi2i u[o\oi±?\ 3as nispi 015^21 ^chi UEfui^i a 
oi, mmm wq?\ siu. 



Vbf Rw I sub < V jon % 0 . 6 V 



HXI»(Rw)S BIIOIO^ ^ H21 XHSSOII 2|^^D. £ 6^, a SI AIMXHSOI 300Q/sqr., 

10 3 Q/Sqr.. 3x 10 3 Q /Sqr . , 10*Q /sqr .£ mi SI 9X)«(Rh)3 MOSFET » SS^iM AFOI2] 

^£I(S)2J21 UEjyCL OI SOII/H. OI MOSFET^^ »aa(Vdd: 1V OI8O0II 2|6H SSfH OI . 

MOSFET 2] ^!^a^(lsub)^h ^ 10nA/u m OlohS CHB6I ^3. 10g m2| ^101^^^ MOSFET 21 D\BB 

W(lsub)^^ ^ 100nA OI6hOI3. M0SFET2I aXI^(Rw)^ 10 6 Q OICJS SO. C&^Al . U2| AIMXI90I 
2000Q /sqr. 0|6f£i XH^^Oil 2|oH §^3^ ClbfOI^SJ ^^0||£ MOSFET^ f £¥o\ §§I ^ SiCI. 

^jSEMeojj AC S^l ^6H. ^8 HXi§MRw) S feTS Sg^(Cw)OI ^Q5f 

Cf. OI 128 ^Oil 2|5H 5^9Q: 



r w « rr 

2 



Oi^l/d . trB <ym2| ^^AlZiOID. OII^CH , trOI ^ SOpsec 01 of 2) 3^21 <Ms01l CUSHAT, Rw- Cw 

« 100psec^ «XHS(Rw)OI ^ 2000Q 016^013. Cw « 5x 10 _I4 FB! 2^^21 3^, 1» ^A^8 
Qm ^4 CHI 21 oH 5^SC|: 

0IM2I ^^[^ li^fli S aXi^S ^Tiim^l ^IS D\0\^Z}°}9.^M MSW ^ S^. 3^g^SI 
^011 DISH, Rw- Cw A|§4^ ^^^M2J ^^1011 °lCHAi 521 ^OlefCf. 
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• OlofOtL £ 1011 EAIS NM0SFET2I tf8fiCf. 

2XL E 7(a) Wl EAI9 SOI, «aS3IEK06N)ll 50nm UXI 500nm2t 3>fe Si0 2 S 

gg£l£f 0HH£ 13^(2) §y 2f 150nm LH XI 200nm2j ^JHIM 3>fe S£ ^ r dlB#(3)0l 3§£ SOI 3I» 
0| Afg^Q. OlOil CHoH, Se^EJ&e(3)&0llte, ^3^3 , I^Xl^ gOO 2I6H SS^£l?i(3)2D 
^32, ^ NMOSFETS ^£ISfe ^»«£IS ^ (EAf°}§l )OI g.££P. 

Om, 0H2OL S2^ai^S(3)(HI 30keV2J ^OflUXI S! 2x 10* atoms/cm 2 2l E*?3£ MEOIg 

Ol 900 "C, G0S2> OiygogMI. 10 19 atoms/cm 3 01 &2| SBOIB^ES 3>fe Pg U^E g 

SS«f#S2!(5)0l §S@P. J2^E S£S«#g9!(5)g. ^gHXI^Ei^I- k h £ UHGM» SI £^ 

xise ^xpi %m mama. 

PH , £ 7(b)«| EAIS bf2f SOL HBtfaS*(3)«0ll 10nm2J ¥7>ll§ £>b 4*»BK25)0| §S 

32, tf»B*(25)3 S6H H£*JEI5#(3)0II 20keV2| 3^? Oil U XI S 1x 10 14 atoms/ctn 2 2| E^*£ As 01 
8(22)01 ?SSa. As 0IS(22)g, 2teE »£S*U*8S!(5)2| £S2| §£§2| tM^ShOj , s* 

1x 10 16 atoms/cm 3 UiXI 1x 1o' 7 atoms/cm 3 2| i^i^ti 3>te Pg S^JH^ (4)M §S^a. 0| Ofl 2J 

m, tssssshs ^ eh ) chi choh o.i v£i g^i %\&&m cimoi^s ^ sack 

Lfe, £ 7(c) Oil £A|S bf2f SOL ££^£l^g(3)&0il }|0|M^2^(24)0I ig^Q. Ttom 
12^(24)21 ¥2H!rf, AH^mH DIB^ 0IEI2I xHySOIfi 3fe ClbfOI^Ol! CHoH 2J 4nm UIXI 8nm Ol 
P. IHOIM«e!QM24)#0ll fif 200nm2| ^7H!S Sfc SfiltfaaatOI g£EII2, SSEI^DBWI U 011831 
gOD £|oH DHEiyElO), 3HO|Eg = (n)g ggBP. P§, }|0IM2=>(11)M DF^3^ AJS6KM. As Ol 

8(23)01 fiatf£l&S(3)0ll ^gJSCK Olg^gJg, 320keV2| 3^? Oil U XI g 1x 10" atoros/cm 2 2| E^?£ 
£ tf890l. IQfeE S£»«6h9 9!(5)g, £± S EBH°Jg^(6,7) S 0Hil£! §2^(2)2| ¥B 
2| M£^2j I'^i 2!!$SfOL §:if**E£. 1x 10 15 atoms /cm 3 UIXI 1x 10 17 atoms/cm 3 2| M£gfeEg 
PS XI^E S^SS^SSj (8.9)8 g£BP. Eel, 6I0IS0I, 40keV2| ^OIILiXI SI 4x 10* 
atoms/cm 2 2| E*?*£ ^SJHOI. 3feE S£S«ftfS2!(5)g. 2S**£ieg(3)2i 522] m±mm &m 
o\0\ t ESgM B«AISJP. 3 ^31, 1x 10 20 atoms/cm 3 UiXI 1x 10 21 atoms/cnfe M^g^El 3>£r N 
m ±± Si H&il2JS^(6,7)m S^^Cf. 

01 Oil 21 SI. E 1 CHI EAI@ b^2f SOI, § = £11 9 ^ (6J)»0II PI XH^E 

01 Oil □oH, -feOi PMOSFETSf eAiOil ^SS ^ SE© , XH^MP g xH^SCI = 
CMOS H^AII^Sf ^^^^ g^£|H ( S^bH<yO|| 2JoH S^SCH &}£XIISxlM 

. BO. 
diAlOO 2 

01 bF^^lel « Al Oil S| SOI =?^9\ NMOSFETS, S. 8011 SA18 biSl SOL Ng 

^^/Eg|ieiS^(6J)6f2J H2*J£l^#(3a)0ll SSxHy(4)3f §§g| i^ifeti PH 

S^(8a,9a)0| g^Slfe XIISI6H2, b^^B ^A|0|| 12| SOI =?^9\ NMOSFETSf S^6FQ. 

OlofOiL E 80II EAI^ SOI ^5E2| NMOSFETS! Xil^am ^S^Cf. BB. « Al Ofl 13f e^'e! 

soi ^ieoi Af§£i2, S0^£ies(3)oii ?m M^g^^s^(5)oi i^sa. 

3 E 9CHI EAIS bF2f SOL SS^dl^S(3)S| S3 Oil, >llOIMg^ e|(24) g 

^101^2^(11)01 g^^D. ^I0|MS^(11)M Df^3£ AhgohOi, >!IO|eS^(11)mS| 

ssxHy(4) §j fiaftiass(3)2i ssi oHii^ aaa«2)2i ae ^eoii saioh e!ois(25)oi ?aa 

P. 0l£^2J£, 150keV2l ^^OIILiXI 3! 1x 1o" atoms/cm 2 S| E^^S ^S£IOi, 3feE ' S£g»#9 
S!(5)i, H^xH^(4) SI SB^dl^#(3)2f OHU^ 80^(2)21 S0 ¥B2| g^M2| m¥M &£o\ 

01, 1^2§, 1x 10 17 atoms/cm 3 2| g^ifeSi Pg SSXHy(4) S! «fiS*^S^ (8a, 9a) 

m mg&Q. E§.L 2i0|^a 40keV2| 3^011 LH XI S! 4x 10 15 atoms/cm 2 21 E^^S ^gj£|0) ( 3feE g 
^e^^S^(5)§, HB^£ieg(3a)2i fi^2i g^if ^mOL £2!g§ ^^AI^JCI. lUf^ES, 

1x 10 20 atoms/cm 3 UIXI 1x 10 21 atoms/cm'sj 3>^ Ng g ESiei S« (6,7)^ g^el 

P. 

01 Oil 21 SH. MBSIS AIOII 121 Xil^^SSP Xii^S^IB ^±A\d\&M, E 1 CHI EAIS SOI =? 
221 M0SFET2I g^2f SOL ±± S E 31 21 S 3 (6,7) of Oil Pg *£S«^S ^ (8a t 9a)M gSl^ 4= 2A 
3, M^^^^S^(8a.9a)3f ^SJe! i^^ H^XHy (4)M g^W 4^ 2iP. 



^ oil mm soi ^^2] s[E*nsxi^:, ^i&^oii ^ss dh^i& s 1 E2g 
^E*iie2£ gss^ soi ^>^i ss^Ex-iigoii g«s jii 2 E^g ±± §i Eaieis^, ^ ^ 
Eai9jg^ Afoi2i xii 1 Esg xHyg^^oii y\o\^m&^m mm g^^ ^loiM^e 

BP. 4^1 4:^ SI EBIieiS^OI ^^l 53y£l§aP g/3 f £L?| XH^S^OL XHy^^2i 

1 ESg g^^^E^h g°J^(HI 2iS5fe XII 1 £21 3^E g^^^^g^M 

W^OW, H^XH^5h2| 3^E g^^^^S^^ DH¥ XigS 3>li, RC XI3, §y Otl CH . ^1101^2 

^01 2.0^ 0W2I SSxHy (4, 14)2] £^2J 2f£^^S ^ £§!, ^ ^gCHI 2J6IS, S3 

^£i§8 blJH^ ^7}|g g^S 4^ 2i0i. H^AII^O^OI B>il 33, ^EXfl§xl2| Hl^^f § 
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oioH aa. 

gcsh XHyg<*oi S^Oil £l¥2^0il °JSH XHyg^Oil SP>S 2^01 XilCHS ^ 

aa. taeiAi, s #ehoh/h. bsxhsmsi ?steejoi «&3o\ juaas^s aav * sin, 2H « 

EH Oil AH , 2H £l32f*B S^APPI ?I6H 331X13301 ISI 4- HO. 

SE6h. ±± S HBIieiS^^ OH^'S SBSt M0\2\ HBe>£MISO| SISol ggslSJb 3?, ± 

± si Eaieis^a sbssoi a^s 4* ho. 

gsjWI S^£I2 ^4 XI Oil AH 2 SOU §^£l = 3^. S&l^M X1ICHSPI ?|oH 2 IB Oil 2&S ePIol 

^exiisxisi g:ni xi2em xiichspi ?ish sj¥S^^ mmm »isk wait sen, s 

£AIIJ 4 s HO. SEff, MSHII^EISI ^IHHxIb ^3 CMOSSf Si* 6^1 §! 4^ HCH, CH ^Exil§xl£i 2 
S3»» £SB ^ SID. 

. (57) &?°! 
S?S 1 

ohus a as* s oh a a aasf^si xii 1 ssi hbbjehiss a>te soi :>ie; 
ajpi H^y^^ieoii xii 2 E2i §j Eaieig^; 

av^i ^ §j naieis^ Moi£i xii 1 £2i xHyg^&oii Moi^ae^* mm no\^ 
&=>m ssoiot. 

oi, aiys^°j ssaa xii 1 ess ^n, oh as aeon* eisa^ xii 1 sag 

HfeE I^i^a^f SOI ^Ex-ilSxI. 
S^S 2 

Xil 1 SOU HO) Al , M 1 ESS HfeE S£S*&SSjOI 1x 10 18 atoms/cm 3 LHXf 1x10"° 

atoms/cm 3 °l i^ifeEl 3*11, xH^S^2l H^S^OI 1x 10 15 atoms/cm 3 UXI 1x 10 18 atoms/cm 3 Bi m$ 

3 

Jdl 1 SErr 2 SOII HCH AH , xHSS^OI ^^Xl^a^l m&M ^§ Eh: 2§*AI3IE^ 2^0|| 
g^S 4 

JO 1 SOU HOiAh S &EH0H/4. 8:W»a»2l HOlxIM 3^AI3PI ?I6H XH^g^OII tttOIOi^2 

901 a^aa. 25 g eh 011/4. £I32WM s^ai^pi ^sh xh^s^oi sssgBis »esi 
a?a s 

a 1 SOU HO] Al , 25 ^EHOHAI. S5ilXlS^°l HCHxIS E±M3\?\ xHyg^OII bhOIOl^ 

330I oQ^Tl, ^ ^ EH Oil AH, S^lxIS^m ^AOPI ^|6H XH^S^OI M^i^EH^ ^E 

asa. 

6 

»l 1 SOII HCHAi, ±± K ESiieiS^ DHUS ^^^1 AfO|2| fiEa»E»SOI ^261 gSsitl 
^ ^EXIISXI. 

S^S 7 

XII 1 SOII HOiAi, CMOS SJSB ^ExjlSxl . 

§?S 8 

XII 3 SOU 91CHM , ^Exl!Sx|2| XH^S^OI. ^X^^IS^o^Oll S^S HfeE i^I^S^l 

SoH °J§te xH^gejOll §^SI2, 15H2I ?lxl Oil AH 2S0II g^£lb SfEHISXI. 

S^S 9 

i) ^le^Oil OHUa ^ XII 1 £21 sa^Ex-tism ^^moi, &J\ 5 9 e>£EaiS^OII 
>!IO|e^o4D| §y ^lOIMS^^ Ef^i: 

ii) XII 2 £21 S Eaie!S^# S&o^l ?loH ^>^l >IIOIM2^e O^B^ A^6^01 XII 
2 £2§ g^^OI^M ^gjo^ &?ll; S! 

iii) XII 2 £2g S EaieiS^mSj Xil 1 £21 S^^EXiie°J SI 1 £21 ^£§fe£ 
S 3^AI3PI ^loH >IIOIM2^M Dh^B^ AJSWOI Xil 2 £21 ^£§0IS^ CH ^711 ^SSOH 2J 
6H XII 2 £21 Si ESieJS^ M0I21 XII 1 £21 xH^ g^OlIQ OHilS S^^OII eJS6[2, xH^ 
g «o) H^MCf XII 1 £21 m^m^^l} Xil 1 £21 H^£ M^^^^S^M l^Shb B3IB 



14-8 



§ }[] ^ cH 1= 2000-0047907 



SB»fc SOI =?ZS\ 
10 

m 9 eroi 2io\M, ^noiMas^ k ^101^3^01 e>o i )mi/h gg£Pi bob. hi 1 tst s 

3lfe SOI ^P^Sj aSSISMSI K&S. 

a?» 11 

M 9 &0II £[CH Ai. 3I0IM1SSJ §J aiOISS^S goH HB&EHS2I S3 Oil M 2 E3g g£ 
gOIBOl E^BE^ ^OIIUJIB 8!^ SON °ISH HI 2 £21 ^^MOI^OI &3I iiOWIAf ^^'£J 

*r SOI 752] ffEHSHS MSgei. 

12 

M 9 &0II 9lO\H, i)S| M 1 ESS HHSEMISS XI m& I^ii S»5*fe SOI ?£2| 



24 
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